A reflectarray has been designed to reradiate two beams at 6.5 and 10.5GHz in the direction Bo = 35", in the s : plane, when the feed horn is placed at a distance I = 35cm. The resulting resouant lengths in the x direction and the phase of reflection coefficient. at both frequencies, are presented in Table 1 .The theoretical E-plane patterns at 6.5 and 10.5GHz are also shown Fig. 4 .
Conclusion;
The viability of a stacked microstrip reflectarray for dual frequency operation has been demonstrated. The proposed multilayer configuration is easy to manufacture by an etching process and opens new possibilities as an alternative to parabolic reflectors.
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where R,,,,, represents mutual resistance between the n and rn elements. Excitation coefficients are A,7. When the elements are isotropic. the isotropic virtual mutual impedance of 120 sinc nkd can be inserted to give
where IC = 2 d / h and there is an element spacing of d [2] . This formula has been derived in several places, including [a] , and it allows an exact closed form calculatiou of directivity for any finite array, gil en the excitation coefficients. Symietric arrays summation over only half the array [2] . An advantage these directivity formulas is that they apply to any type of element for which the mutual resistance can be computed, and which the array excitation coefficients are available.
C/iehj,shei, tiirectivitj. against .spacing: The directivity of a DolphChebyshev array of isotropes is easily computed using the closed form given above; it is convenient to use the closed form coeffi- Table 1 gives these element spacings. However, this spacing does not give the highest directivity. As the spacing increases the array length increases. and the directivity tends to increase. As the length exceeds the largest Chebyshev value, the sidelobes at T90" rise. eventually decreasing the directivity. For d = h the directivity is down by 3dB, as there are main beams at f90. The largest spacings that ensure equal level sidelobes (Table 1) are circled in Fig.   1 . For low sidelobes, the peak directivity is several tenths of a dB higher than the largest Chebyshev value. Fig. 2 shows a pattern for the N = 20. 4 0 d B sidelobe level array at the maximum directivity spacing. This is obviously no longer a Dolph-Chebyshev pattern. Introduction: Lately, the idea of a dual-mode cellular phone capable of operating in two different cellular systems has been introduced. Since the frequencies of operation of the systems may differ the phone and the antenna should operate equally well at both frequencies. These frequencie may be fairly far apart from each other, e.g. the frequency of operation of the GSM system is -900MHz and that of the DCS1800 system -1800MHz. In tliis Letter the possibility of using helical and monopole antennas for this dual frequency operation has been studied. The frequencies of operation of most of the previously reported dual frequency wire Both simulated and measured results suggested that the dual frequency operation could be obtained with these antenna structures. Fig. 2 illustrates the matching of the helical antenna conibined with the monopole when the antennas were placed on a conducting case of 15 x 50 x 150mm3, and no matching circuits were used. In the simulations the wire grid method was used to model the case 141. The simulation tool in use was based on the method of moments. Both the length and the width of the case were divided into two parts. Two frequencies of operation could be observed and the matching at both frequencies was fairly good, as can be seen from Fig. 2 . The differences in the simulated and measured results were at least partly caused by the rough model of the case used in the simulations. The measured bandwidth, with a return loss >IOdB of the monopole at the higher frequency of operation (1 32GE-1~) was 9.6%, which was large enough considering the cellular networks. However, the bandwidth was significantly lower than with a single monopole which had a bandwidth of above 18%. At the lower operation frequency (933MHz) the bandwidth of the helical antenna was >8%, which was also wide enough for the cellular systems at that frequency range. The bandwidth compared with a single helical antenna was decreased only slightly from 9%. The dimensions of the antenna were I,,, = 3 9 m , = 2 7 m , D = 5.5mm and the number of turns N = 5.5.
The radiation pattern of the helical antenna combined with the monopole antenna and placed on the conducting case at the 900MHz frequency band is shown in Fig. 3 . Both measured and simulated results agreed fairly well. In the azimuth plane a nearly omnidirectional pattern was observed. In the elevation plane the direction of the maximum radiation was slightly tilted down from the horizontal plane owing to the nonideal ground plane. At the
